Background and aim: Spleen, a secondary lymphoid organ presents with wide variations in morphology. Size and weight of the spleen varies at different ages and different individuals and in the same individuals under different conditions. Further, a good knowledge about the morphological variations is very important to the physicians and surgeons for any pathological conditions of spleen. The aim of the present study was to find out the morphological variations of spleens particularly in the South Indian Population.
INTRODUCTION
Article Information flexure anteriorly and the diaphragm behind. It occupies the left hypochondrium and extends from the scapular line behind where it exhibits a rounded (posterior) border that follows the curvature of the ribs with its long axis parallel to that of the left tenth rib and somewhat Spleen, a secondary lymphoid organ, a deep red in colour, soft and pulpy in consistency in the living and belongs to vascular reticulo-endothelial system [1] . It lies between the greater curvature of the stomach and the left colic pointed anterior pole (extremity) situated in the midaxillary line. It has two surfaces, two borders and two poles. The posterior surface is convex and adapts itself to the concavity of the diaphragm and lies along the ribs 9, 10 and 11, which often leave deep indentations on it in the cadaver. The visceral surface presents four impressions produced by the related viscera. These are easily seen in the formalin fixed specimen and the areas are demarcated by well-marked ridges. The posterior pole usually related to the vertebral column whereas the broad anterior pole which is directed laterally. The spleen is rarely absent, but accessory spleens have been reported to occur in 10 -35 percent of individual [2] . The spleen is lobulated in the foetus, but the lobules normally disappear before birth. As per the superior border is concerned near the anterior pole in adults there may be one or two notches indicating the development from several lobes [3] . Shape of the spleen varies from a slightly curved wedge to a domed tetrahedron. Size and weight of the spleen varies at different ages and different individuals and in the same individuals under different conditions. In adults, it is usually 12 cm long, 7 cm broad and 3-4cm wide, weighing around 150gm but it ranges from 80 to 300 gm [1] . The spleen is not considered absolutely essential for an individual's survival [4] . However, a study on its morphology is still important due to its wide range of variations in morphology and haematological immunological functions. Further, a good knowledge about the morphological variations is very important to the physicians and surgeons for any pathological conditions of spleen [5, 6] . In spite of quite a few studies on the morphological variations of spleen, still controversy exists about its morphology for decades. Therefore, the aim of the present study was to find out the morphological variations of spleens particularly in the South Indian Population. study. Normal spleens from both sexes were added together and statistical analysis was done without considering the sexual dimorphism. Spleens were removed from the abdominal cavity, after detached from various attachments and splenic vessels were cut near the hilum. Debris and fatty tissues were cleaned meticulously with running tap water. We measured the lengths, breadths and widths of the spleens with the help of spreading and sliding callipers, the greatest distance between the anterior and posterior poles are considered as its length, then we considered the greatest distance between two points at the same level on the superior and inferior borders as its breadth and the greatest width was considered as width. The average weight of the spleen were weighed with the help of electronic weighing machine and also the shapes, poles, borders and surfaces of each spleens were observed. In the morphology, we observed the presence of splenic notches on the superior, intermediate and inferior borders. Accessory spleen if they were present, noted for at the hilum of the spleen. Statistical analysis: The data collected from this study were tabulated, statistically analysed. The variations related to shapes, sizes were expressed as percentage. The statistical analysis of the data was performed in Systat version 12.
MATERIALS AND METHODS
The present study was carried out in the department of Anatomy, Rajah Muthiah Medical College ,Annamalai University,Annamalai Nagar, Chidambaram, Cuddalore district, TamilNadu. Forty cadaveric spleens were selected for this The morphology of spleen was studied in 40 formalin fixed specimens. We found that variations in shapes, sizes and notches of spleens. Out of 40 spleens, 20 (50%) were wedge shaped ( Fig.6 ). In 32 (80%) specimens, splenic notches were found on superior border, in 15 (37.5%) specimens the notches were found on inferior border, Only in 6 (15%) specimens, the notches were found on intermediate border, in 10 (25 %) spleens notches were found on both superior and inferior borders, in 4 (10%) spleens the notches were found on all borders and in 4 (10 %) spleens the notches were not found in any border (Table 2 ). In two
specimens, deep notches were found on superior border (Fig. 7 ) and inferior border (Fig. 8) . One specimen (2.5%) showed nodular growth at the hilum of spleen (Fig.9 ) while another specimen (2.5%) showed accessory spleen near hilum (Fig.10) . The length varied from 8 cm to 13 cm with an average length of 10.3 cm. However, in most of the spleens, that is in 34 specimens (85%), the length ranged from 8 cm to 12 cm (Table 3) . Breadth of the spleens varied from 6 cm to 9.5 cm with an average breadth of 7.58 cm. However, in 38 (95%) specimens, the breadth was in the range of 6 cm to 9 cm (Table 4 ). The width varied from 1.3 cm to 3.6 cm with an average width of 2.65 cm. In most of the spleen that is in 32 (80%) specimens, the width ranged from 2 cm to 4 cm( Table 5 ). The weight of the spleen was in the range of 64.56 to 164.4 grams with an average weight of 98.07grams. Most of the specimens that is 28 (70 %) specimens the weight ranged from 80 to 120 gm (Table 6 ). 
Breadth of Spleen
Above 4 cm 0 N=40; Mean= 7.58 cm; SD = 0.90 Minimum = 6 cm; Maximum = 9.5 cm Spleen is a large lymphoid organ with wide range of functions. It plays a major role in the maturation and activation of lymphocyte and initiation of an immune response. It is also an organ of haemopoiesis in foetus [1] . It is with varied morphology and clinical significance as well as considerable controversies for centuries. In the present study, six different shapes of the spleen were observed. Among these, the most common one was the wedge shape (50%) followed by triangular (15%) and irregular shape (12.5%). These variations are not consistent with the findings of previous studies. For instance, one study reported the wedge (61.26%), the tetrahedral (21.6%) and the triangular shapes (12.61%) and another study observed that 61.26% was wedge shaped, 21.62% tetrahedral, DISCUSSION 12.61% triangular, 3.60% oval and 0.90% irregular shaped [7, 8] . As opposed to the findings of these studies, additional dome shapes (10%) oblong (7.5%) and round shape (5%) of the spleen were also noted in the present study. In the present study the splenic notches were found on the superior, inferior and intermediate borders. The number of notches varied from 0-4, but commonly, there were one or two notches. These findings of the present study were in concurrence with the past study which found the presence of 0-4 splenic notches in their study on 100 spleens [9] .They found a single splenic notch on the superior border of spleen in 98% and in 2 cases, the notch was present on the inferior border and in one specimen they observed on the intermediate border. Kawale et al found that 3 spleens (9.3%) has multiple lobes and notches were present on the superior border of spleen, 4 spleens (12.5%) deep notches on inferior, 2 spleens (6.2%) showed deep notches on medial border and 1 spleen (3.1%) was pyramidal shaped with presence of notch on inferior border [7] . These variations could be important as in splenomegaly, the anterior border, anterior part of diaphragmatic surface and notched superior border may become palpable below the left costal margin [10] . Nayak et al found from their study of 50 spleens, 25 spleens (50%) were normal and had all the classical features mentioned in the text book with only 50% of splenic notches on the superior margin and 25 spleens (50%) did not have any notches [11] . Two spleens (4%) did not have hilum and 4 spleens (8%) were small in size i.e. about 3 inches long. Contrary to these observations, the present study, we observed the splenic notches on the superior border in 80%, inferior border 37.5% and Intermediate border only 15% specimens. Notches on both superior and inferior borders were observed in 25% and on all three borders 10% specimens. 10% of specimens notches were absent on all three borders. Lizamma Alex et al., mentioned the presence of notches in their study on 70 spleens [12] . They observed splenic notches on the superior border 90%, inferior border 23% and on the intermediate border 41% of specimens. In the present study, we also observed in one specimen (2.5%) a deep notch on the superior border of the spleen (Fig. 7) . In another specimen a deep notch was found on the middle of the intermediate border to the inferior borders which extended towards the diaphragmatic surface, thus giving a lobulated appearance to the spleen (Fig.8) . The variability in the notches and fissures is explained on the basis of development of the organ. The spleen develops from the mesoderm. During its development, different lobules are formed, which fuse with each other later on. The indication of the lobulation in adult spleen is its notched upper border [13] . Sometimes, this lobulated appearance may persist in the spleen [3, 13] . That could explain for many notches present on the spleen, which can be seen on the superior as well as on the inferior borders. In one of the specimens (2.5%) a nodular growth was present at the hilum of spleen (Fig.9) . In another sample accessory spleen which measures about 2 x 2cm found near the hilum of the spleen as pedunculated mass (Fig.10) . The colour of the accessary spleen was identified like the colour of the spleen. During the development of the spleen, small masses of the splenic tissue may detach from the main mass and may develop in to accessory spleens [14] .
In the present study, accessory spleen was found in one specimen. However, other studies reported the incidence of the accessory spleen was 10-35% [15] [16] [17] . The majority of accessory spleens occur at the hilum, in the greater omentum or along the splenic vessels and pancreas. Size of the accessory spleen is up to 3 cm in diameter and may undergo torsion. If the spleen is removed in case of haemolytic anaemia, a careful search must be made for accessory spleen, later on which can cause recurrent symptoms if not removed carefully [2] . In the present study the length of the spleen varied from 8 to 13 cm with an average of 10.3 cm. The breadth varied from 6 to 9.5 cm with an average of 7.58 cm and the width ranged from 1.3cm to 3.6 cm with an average of 2.65cm. The mean values of length, breadth and width of the spleen in our study were 10.3 cm, 7.58cm and 2.65 cm respectively. One study reported the mean values of length, breadth and width which were 11cm, 7cm and 3cm while another study found the mean values of length, breadth and width of the spleen were 9.66cm, 6.22cm and 3.06cm respectively [8, 18] . Similar to the earlier studies [15, 19] , in the present study also weight of the spleen varied between 64.56gm and 164.4 gm with an average of 98.07gm. The average adult weight of the spleen is 150 gram varies from 80-300gm [1] . Compared to the earlier studies which was done by Kawale Sugat et al the average weight of the spleen was 137.42gms and Chaware et al found that the average weight of spleen was 145.76gms [7, 8] . The present study found the average weight was 98.07gms which was lower than earlier studies [7, 8] . In the present study, the values of length, width and weight of spleen were slightly lower than normal and also those which were reported in previous studies. The reason of the morphological variations of the spleen particularly in the South Indian population was may be due to low socio economic status, food habits and body constitution [20] .
In healthy states the spleen is not palpable. However, in enlargement of spleen (splenomegaly) as seen in malaria, kalaazar, sarcoidosis and leukaemia it becomes palpable. In such condition, the anterior border, anterior diaphragmatic surface and notched superior border become palpable below the left costal margin, the marginal notches are exaggerated and easily palpable. The morphological variations of spleen in the present study will be useful to the physicians and surgeons for palpating the spleen and therefore in the diagnosis and treatment of underlying disorders of spleen.
CONCLUSION

Conflicts of Interests: None
